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Abstract
Background: Research on health equity which mainly utilises population-based surveys, may be
hampered by serious selection bias due to a considerable number of invitees declining to
participate. Sufficient information from all the non-responders is rarely available to quantify this
bias. Predictors of attendance, magnitude and direction of non-response bias in prevalence
estimates and association measures, are investigated based on information from all 40 888 invitees
to the Oslo Health Study.
Methods: The analyses were based on linkage between public registers in Statistics Norway and
the Oslo Health Study, a population-based survey conducted in 2000/2001 inviting all citizens aged
30, 40, 45, 59–60 and 75–76 years. Attendance was 46%. Weighted analyses, logistic regression and
sensitivity analyses are performed to evaluate possible selection bias.
Results: The response rate was positively associated with age, educational attendance, total
income, female gender, married, born in a Western county, living in the outer city residential
regions and not receiving disability benefit. However, self-rated health, smoking, BMI and mental
health (HCSL) in the attendees differed only slightly from estimated prevalence values in the target
population when weighted by the inverse of the probability of attendance.
Observed values differed only moderately provided that the non-attending individuals differed from
those attending by no more than 50%. Even though persons receiving disability benefit had lower
attendance, the associations between disability and education, residential region and marital status
were found to be unbiased. The association between country of birth and disability benefit was
somewhat more evident among attendees.
Conclusions: Self-selection according to sociodemographic variables had little impact on
prevalence estimates. As indicated by disability benefit, unhealthy persons attended to a lesser
degree than healthy individuals, but social inequality in health by different sociodemographic
variables seemed unbiased. If anything we would expect an overestimation of the odds ratio of
chronic disease among persons born in non-western countries.
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Since the Black report was published in 1982 [1] a consid-
erable number of papers have described social inequality
in health and discussed possible reasons for the invert
association between social position and mortality [1-4].
Even in the egalitarian Scandinavian countries there has
been reported a substantial difference in health between
the least and the most privileged groups [5]. Ecological
analysis in Oslo also showed large differences in mortality
rates between residential areas characterised by social ine-
qualities [6]. In order to identify variables at individual
level to explain these health differences, the Oslo Health
Study, an age stratified population-based health survey,
was carried out in 2000–2001.
Valid estimates of health inequality, however, and espe-
cially prevalence figures depend heavily upon representa-
tive attendance. The low response rates observed of
certain exposed and affected groups such as lower social
classes, elderly, single-households, third-world country
immigrants, receivers of social security benefits, urban city
dwellers, people with poor self-reported health and
unhealthy lifestyle, have been a major concern in many
population-based health surveys [7-18]. The Oslo Health
Study (HUBRO), (HUBRO = eagle owl, acronym for the
Norwegian title of the Oslo Health Study), provided the
possibility to compare the prevalence and associations
between already known background variables in the total
study population with that of the attendees. We are not
aware of any large population-based study using a com-
plete set of data on both exposure and outcome variables
concerning all invited subjects, analysed to assess whether
the associations observed in health surveys are influenced
by selection bias.
Some studies have compared own data with large-scale
survey data for the total population [17,19,20], others
have analysed fairly small samples [9,21,22] or compared
a limited number of linked variables [8,9]. Three Swedish
population-based studies and one Dutch study have used
administrative data linkage to analyse non-response bias.
The first three did not, however, discuss possible bias in
associations [10,16,23], which is of major interest, and
the last paper studied only health care utilisation [15].
In the present analysis public register data from Statistics
Norway (education, income, social- and disability bene-
fits) covering all Norwegian citizens, were linked with
data from the Oslo Health Study, using the individual's
unique 11-digit personal identification number.
Thus the objectives of the present analysis were to:
1. Identify subgroups with low response rates and predic-
tors of response
2. Investigate the magnitude and direction of errors in
prevalence estimates of selected exposure and outcome
variables in the health survey
3. Investigate the magnitude and direction of selection
bias of association measures (odds ratio) between selected
sociodemographic variables and disability benefit.
Methods
The Oslo Health Study, a joint collaboration between the
Oslo City Council, the University of Oslo and the Norwe-
gian Institute of Public Health, was conducted in Oslo
from May 2000 to September 2001. An invitation for par-
ticipation in the health survey was sent to all residents
born in the following years: 1924, 1925, 1940, 1941,
1955, 1960 and 1970. Additional groups, not included in
the present study, were also invited to HUBRO [24].
Invitation and procedure
The Oslo Health Study consists of a central core and 70
supplementary projects. The data collection for the core,
which we report in the present paper, was undertaken fol-
lowing the procedure mentioned below:
A letter of invitation – containing an information bro-
chure and the main questionnaire – was mailed two
weeks prior to the appointment at the screening station.
Information included, among other things, that partici-
pants could avail themselves of the brochure and the
questionnaire, in 11 other languages.
At the screening station a simple clinical examination was
conducted: A venous non-fasting blood sample was ana-
lysed for serum total cholesterol, HDL cholesterol, glucose
and triglycerides. Automatic device (DINAMAP) meas-
ured pulse recordings, systolic- and diastolic blood pres-
sures. Body weight (in kilograms), height (in cm) and
waist-hip-ratio (cm) were measured with a standard pro-
cedure according to the protocol [25].
At the screening station the main questionnaire was
handed in and the participants were given two supple-
mentary questionnaires, which they were requested to fill
in at home and return by mail in pre-addressed pre-
stamped envelopes (more details are presented at
HUBRO's web site [24]).
Four weeks after attending the examination, a letter with
the results of the examination and blood tests was sent to
all participants. Those presenting with high risk of cardio-
vascular disease [25] were offered a new clinical examina-
tion at Ullevål University Hospital.
An extensive information campaign was developed in
order to motivate those invited to attend [24].Page 2 of 12
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Of the 40 888 citizens invited, a total of 18 770 individu-
als (46 %) participated in the survey.
Almost all those attending the screening station
responded to the main questionnaire, while the response
rates to the first and second supplementary questionnaire
were 82 %-87 % of those attending. Table 1 shows the
participation rates in different subgroups of age and gen-
der. The notation "attendees" and "non-attendees" used
later refer to participants and non-participants. Further
detailed information concerning participation in the Oslo
Health Study can be obtained from HUBRO's web site
[24].
Ethics and approvals
All the participants of the Oslo Health Study have given
their written consent. The participant's names and per-
sonal ID numbers are omitted when data are used for
research purposes. The Norwegian Data Inspectorate has
approved the Oslo Health Study, the Regional Committee
for Medical Research Ethics has evaluated it, and it has
been conducted in full accordance with the World Medi-
cal Association Declaration of Helsinki.
Linkage to Statistics Norway
Sociodemographic information from public registers in
Statistics Norway [26] was linked to data from the clinical
examination, the main- and first supplementary question-
naire and to the population file used for invitation to the
Oslo Health Study – through the individual's personal
identification number. All personal identification has
been erased before the data is analysed.
Variables used in the non-response analyses
The following variables were added from the Statistics
Norway's event-history database: highest education com-
pleted, personal income and information about disability
-, rehabilitation -, sickness -, unemployment and single
parent benefit. From the invitation file, also obtained
from Statistics Norway, we used the following variables in
the present paper: age, gender, marital status, country of
birth and residential region.
From the clinical examination and the main question-
naire we have used:
Body mass index: Body weight (kilogram)/(height
(meter))2
Self-evaluated general health status: How would you
describe your present state of health? (poor, not very
good, good, very good)
Self-reported daily smoking: Have you smoked or do you
smoke daily? (yes – now, yes – earlier, never)
Mental distress: Below is a list of various problems. Have
you suffered from any of the following during the last
week (including today)? (Put a cross for every problem)
The 10 items asked [27] are an abridged version of the
Hopkins Symptom Check List (HSCL) [28] which is a
widely used, self-administered instrument designed to
measure psychological distress in population surveys. The
HSCL-10 consists of 10 items on a 4-point scale ranging
from "not at all" to "extremely"[27]. The average score is
calculated by dividing the total score by number of items
– i.e. ten. Missing values are replaced with the sample
mean values for each item. Records with three or more
missing items are, however, excluded.
Statistical analyses
The attendance rates according to previously listed back-
ground variables were calculated using data from public
registers. The crude and adjusted odds ratios for attend-
ance were estimated in logistic regression models includ-
ing all the sociodemographic variables as covariates.
To demonstrate the effect of selective attendance on prev-
alence estimates of selected variables (good/excellent self-
reported health, proportion of daily smokers, proportion
with obesity (BMI ≥ 30) and proportion with mental dis-
tress score 1.85 or above), we used the inverse of the prob-
ability of attendance based on logistic regression models
as weights. In the first step we weighted with age, sex and
education. These variables are known to be strong predic-
tors of health and health behaviour and are commonly
used in analyses of social inequality in health. In the sec-
ond step we included all background variables signifi-
cantly associated with attendance to see if more
adjustments would give a better estimate of the true prev-
alence. This procedure assumes that the prevalence is sim-
ilar among the attendees and non-attendees provided they
belong to the same sociodemographic categories.
Table 1: Number and participation rate according to age and 
gender in The Oslo Health Study in 2000–2001
Number of participants * Participation rate (%)
Age (yrs) Men Women All Men Women All
30 1826 2288 4114 32.2 39.9 36.1
40 1547 1905 3452 37.6 50.1 43.7
45 1389 1757 3146 39.9 53.5 46.5
59–60 2117 2357 4474 53.4 57.3 55.4
75–76 1525 2059 3584 58.2 50.0 53.2
All 8404 10366 18770 42.4 49.3 45.9
* Number attending the survey and/or submitting at least one of the 
questionnaires.Page 3 of 12
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of dissimilarities (e.g. prevalence) between attendees and
non-attendees within each stratum of background varia-
bles. We calculated estimates of the "true" prevalence
assuming that the prevalence was 10 %, 25 %, 50 % and
100 % higher in non-attendees compared to attendees.
Variables with low, medium and high prevalence (diabe-
tes, obesity, symptoms of mental distress, daily smoking
and good/excellent health) were included in this analysis.
The possible effects of selected attendance on associations
were also assessed based on data from the public registers.
Odds ratios for the four exposure variables; education, res-
idential region, country of birth and marital status – and
the outcome variable disability benefit, were estimated
separately for attendees, non-attendees and for the total
invited population. Testing for interactions was done by
logistic regression.
Results
Attendance by different subgroups
Compared to the invited population, the following sub-
groups were under-represented among the attendees:
males, young age-group, unmarried and separated/
divorced, those not born in Norway, inner city dwellers,
those with unknown or lower secondary education, low
income groups and receivers of disability benefit (Table
2). The other social security benefits, i.e. single parent,
rehabilitation and sickness, were not significantly associ-
ated with attendance, and are not included in further anal-
yses. The odds ratios of attendance according to country of
birth turned non-significant in a model with all covariates
included. There were, on the other hand, significant inter-
actions between age, education and country of birth: In
the two youngest age groups with lower or upper second-
ary education the attendance was higher among people
born in non-western countries compared to people born
in Norway. In the other sub groups of age and education,
the attendance was higher among people born in Norway
(not shown).
Prevalence estimates
The prevalence estimates of the four selected variables,
crude and weighted, are shown in Table 3. The prevalence
of good/excellent self-rated health, daily smokers, obesity
and symptoms of mental distress, changed only margin-
ally when weighted according to the response model
based on age, sex and education (model 1). Similar results
were achieved in a response model which also included
marital status, residential region, total income and disa-
bility benefit (model 2). Response models including
interactions between country of birth, education and age
did not change these results (data not shown). When we
included the oldest age group and adjusted according to
the response model 2 without disability benefit, we
received similar results (data not shown).
The weighting in table 3 is based on the assumption that
attendees and non-attendees are similar within each stra-
tum of sociodemographic variables. Sensitivity analyses
are useful if one doubts this similarity. Thus we made dif-
ferent assumptions about prevalence among non-attend-
ees compared to attendees. In Table 4 different examples
are shown for variables with low, medium and high prev-
alence. If the percentage reporting diabetes among non-
attending men 30–76 years old is 25 % higher than
among the attending men, the true prevalence is 4.3 %
compared to 3.8 % in those attending. A 50 % higher dia-
betes prevalence among the non-attendees implies that
the true prevalence will be 4.9 %. Similar calculations for
the other four variables showed only moderate changes of
the prevalence figures in the target population compared
to the attendees if the non-attendees do not differ from
the attendees by more than 50%. With more substantial
differences between non-attendees and attendees, in the
region of a ratio of 2, the true prevalence in the popula-
tion will be around 50% higher than the prevalence esti-
mated from the attendees only.
Associations
A higher percentage of non-attendees received disability
benefit compared to people attending – independent of
level of education (Table 5). Equal odds ratios appeared
among attendees, non-attendees and the total invited
population, when analysing the outcome measure disa-
bility benefit and the exposure variable level of education.
This indicates no selection bias. Performing the same
analysis for residential regions and marital status as
exposure variables gave similar results – the associations
were similar among the invited and the attending popula-
tion (data not shown).
The pattern changed, however, when country of birth was
used as an exposure variable (Table 6). The percentage of
individuals born in Norway receiving disability benefit
was higher among non-attendees than among attendees,
with a maximum ratio of 2 in some sub-groups, but for
those born in non-western countries the difference
between attendees and non-attendees was much smaller.
The ethnic differences were more pronounced in men.
The odds ratios of disability benefit comparing non-west-
ern and Norwegian born attendees, were higher than the
odds ratios among all invited from these countries (inter-
action between attendance and country of birth in logistic
regression, p = 0.003) (Table 6). Thus the difference
between individuals born in Norway and in non-western
countries was overestimated in analyses of the attendees
only, indicating possible selection bias with a 57% over-Page 4 of 12
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2000–2001. Crude odds ratio and adjusted for all variables by logistic regression.
Invited N Attendance (%) Crude odds ratio ** Adjusted odds ratio ** (95% CI)
Sex
Men 19839 42.4 Ref. Ref.
Women 21035 49.3 1.32 1.51 (1.44–1.59)
40874† 45.9
Age
30 11404 36.1 Ref. Ref.
40+45 14668 45.0 1.45 1.38 (1.30–1.47)
59–60 8072 55.4 2.20 2.37 (2.19–2.55)
75–76 6730 53.2 2.02
40874 45.9
Marital status
Unmarried 14067 39.1 Ref. Ref.
Married 18083 51.6 1.66 1.31 (1.23–1.39)
Widowed 2545 48.7 1.48 1.08 (0.90–1.30)
Separated/divorced 5900 43.2 1.19 0.89 (0.82–0.96)
Reg. partnership 111 46.8 1.38 1.38 (0.92–2.06)
40706 45.8
Country of birth
Norway 33519 47.2 Ref. Ref.
Western countries 2422 42.2 0.82 1.06 (0.96–1.17)
Non-western 4933 39.3 0.72 0.99 (0.92–1.07)
40874 45.9
Residential region
Outer east 16696 50.3 Ref. Ref.
Outer west 10167 49.9 0.98 0.75 (0.71 – 0.80)
Inner west 5939 40.4 0.67 0.62 (0.58 – 0.67)
Inner east 6215 40.2 0.66 0.79 (0.74 – 0.85)
39017 47.1
Education
Lower secondary 6766 39.5 Ref. Ref.
Upper secondary 16808 46.5 1.33 1.42 (1.32 – 1.53)
College/University 14906 48.7 1.46 1.86 (1.71 – 2.01)
Unknown 1504 24.2 0.49 0.58 (0.50 – 0.68)
39984 45.3
Total income (NOK)
< 100 000 5014 34.3 Ref. Ref.
- 199 000 9490 42.9 1.44 1.46 (1.33 – 1.60)
- 399 000 19473 49.2 1.85 1.82 (1.68 – 1.98)
400 000+ 6178 44.3 1.52 1.44 (1.30 – 1.59)
40155 45.1
Disability benefit*
No 30918 44.0 Ref. Ref.
Yes 2689 38.7 0.80 0.66 (0.60 – 0.73)
33607 43.6
Single parent benefit*
No 33138 43.7 Ref. Ref.
Yes 469 35.8 0.72 0.89 (0.73 – 1.09)
33607 43.6
Rehabilitation benefit*
No 33156 43.6 Ref. Ref.
Yes 451 42.4 0.95 0.93 (0.76 – 1.14)
33607 43.6
Sickness benefit*
No 32166 43.5 Ref. Ref.
Yes 1441 44.9 1.06 0.89 (0.79 – 1.00)
33607 43.6Page 5 of 12
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in men aged 59–60 years.
The odds ratios were slightly changed when adjusted for
marital status, residential region and education, but the
pattern remained the same (data not shown).
For variables not available for non-attendees we are left
with assessing possible bias in associations in sensitivity
analyses. What would be the possibility that the increased
odds found for certain conditions is explained totally by
self-selection bias? As an example we have chosen women
aged 59–60 years and studied the association between
daily smoking and mental health in those 51% of the
invited who answered these questions. Observed odds
ratio of mental distress (HSCL >= 1.85) was 1.6. In sensi-
tivity analyses we assume that the percentage with mental
distress and percent daily smoking are somewhat higher
in the total population (e.g. 20.0 % with mental distress,
30.0% daily smokers) and odds ratio = 1. Based on these
assumptions the calculated odds ratio for non-attendees
will be 0.66 (mental distress: 25.0%, daily smoking:
35.0%). Thus, if the positive association in total were to
be explained by selection bias, the non-smokers should
have more mental distress than smokers should among
the non-attendees. This seems as a very unlikely situation
and we conclude that our finding of a positive association
between smoking and mental distress is valid.
Discussion
The non-attendees in our study were characterised by
being young, unmarried, males, inner city dwellers, and
belong to the lower income and educational echelons.
They also received, to a larger extent, disability benefit
than did the attendees. This corresponds to results from
other studies where the same sub-groups tend to be
under-represented [8,10-18,22,23,29]. Also in accordance
with some studies [7,10,12,13,15,16,22] we found those
persons born in non-western countries to be under-repre-
sented.
The participation rate in HUBRO was 42.4% in men and
49.3% in women, resulting in a total number of respond-
ers of 18 770. The attendance rate was lower than in pre-
viously comparable surveys in Norway [30], but only
slightly lower than reported in the population-based Oslo
Study of men in 1972–73 where 42.8% attended among
20–39 years old and 62.6% in those 40–49 years old [31].
Since the 1970's the Oslo population has become more
heterogeneous with regard to ethnic origin and socioeco-
nomic situation. During the last years the response rates
have declined in Norway as well as in other countries
[18,32-36].
It is not evident that a higher response rate in HUBRO
would have prevented selection bias. Several other studies
have demonstrated only moderate changes in prevalence
estimates and sociodemographic distribution when com-
paring results by increasing the response rates in the range
from around 30% to 70% [18,37-41].
The register linkage to data in Statistics Norway made it
possible to estimate prevalence values of selected health
variables based on information regarding certain
socioeconomic and demographic variables for all invited.
The observed values of self-rated health, smoking, BMI
and mental health (HCSL) in the attendees differed only
slightly from the estimated prevalence values in the target
population when weighted by the inverse of probability
of attendance. Thus, self-selection by sociodemographic
variables did not influence prevalence estimates. This is
reassuring and in accordance with other studies weighted
in similar ways [18]. The analyses were, however, based
on the assumption of similar prevalence among non-
attendees and attendees within each sociodemographic
group.
Assuming that the prevalence in non-attendees differs by
no more than 50% from the prevalence in the attendees,
the calculated prevalence for the target population do not
differ much from the estimated prevalence values. Most
studies report differences of less than 25–30%. In the Ran-
cho Bernardo study [42] diabetes was about 30% higher
in non-responders (5.5%) compared to responders
(4.2%) whereas the difference in smoking was below 20%
(29.5 % in non-responders and 24.7% in responders).
Unemployment benefit*
No 32716 43.7 Ref. Ref.
Yes 891 38.5 0.81 0.95 (0.82 – 1.10)
33607 43.6
† Numbers differ a little from text due to updating of data register with respect to number of deaths before screening * The numbers are based on 
invited individuals below 75 years, to be able to include social security benefits ** The crude odds ratios are based on the total sample, while the 
adjusted odds ratios are estimated based on the total sample excluding those 75–76 years of age to be able to include social security benefits in the 
model.
Table 2: The association (odds ratio) between selected sociodemographic variables and attendance (yes/no) in the Oslo Health Study 
2000–2001. Crude odds ratio and adjusted for all variables by logistic regression. (Continued)Page 6 of 12
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lower in a Dutch study [15]. The corresponding difference
in non-fatal stroke and myocardial infarction between
non-responders and responders in a Swedish follow-up
study with linkage to public registers, were less than 15%
[16].
For specific diseases or conditions the difference between
attendees and non-attendees could, however, be higher
than 50%, which means that the true prevalence in the
population will diverge from the prevalence estimated
from the attendees only. In our study the ratio between
non-attendees and attendees with respect to disability
benefits reached a maximum of 2 in some sub-groups of
Table 3: Percentage with good or excellent health, daily smoking, body mass index 30 kg/m2 or higher and percentage scoring 1.85 or 
higher on the HSCL scale in The Oslo Health Study 2000–2001. Number answering the question (N), crude- and weighted percentages 
according to the inverse of the probabilities of participation from logistic regression models. All men and women aged 30, 40, 45, 59 
and 60 years of age.
Weighted percent
N Crude percent (95% CI) Model 1* Model 2**
Reporting good or excellent health
Men
30 1813 90.3 (89.0–91.7) 89.6 90.3
40+45 2899 80.0 (78.6–81.5) 78.8 78.3
59–60 2075 72.5 (70.6–74.5) 71.5 69.9
6787 80.5 (79.6–81.4) 80.5 80.2
Women
30 2257 85.7 (84.3–87.2) 84.9 84.8
40+45 3607 77.8 (76.5–79.2) 76.9 76.4
59–60 2307 64.5 (62.5–66.4) 63.4 61.9
8171 76.2 (75.3–77.1) 76.3 75.6
Daily smokers
Men
30 1813 22.9 (21.0–24.8) 23.8 23.9
40+45 2903 32.0 (30.3–33.7) 33.6 34.5
59–60 2094 25.9 (24.0–27.8) 26.7 28.0
6810 27.7 (26.6–28.8) 28.7 29.4
Women
30 2250 22.5 (20.8–24.3) 22.6 23.1
40+45 3610 32.9 (31.4–34.4) 33.3 33.4
59–60 2312 25.0 (23.2–26.7) 25.5 26.4
8172 27.8 (26.8–28.8) 27.9 28.4
Body mass index 30 kg/m2 or higher
Men
30 1801 11.1 (9.6–12.6) 11.3 10.9
40+45 2848 14.3 (13.0–15.6) 14.6 13.9
59–60 2039 18.6 (16.9–20.3) 18.8 18.5
6688 14.8 (13.9–15.7) 14.5 14.1
Women
30 2204 9.1 (7.9–10.3) 9.7 9.7
40+45 3556 13.5 (12.4–14.6) 14.3 14.5
59–60 2291 17.9 (16.3–19.5) 18.5 19.2
8051 13.5 (12.8–14.2) 13.8 14.1
HSCL 1.85 or higher
Men
30 1755 5.9 (4.8–7.0) 6.4 6.4
40+45 2736 10.3 (9.2–11.4) 10.7 11.7
59–60 1952 7.6 (6.4–8.8) 7.8 8.7
6443 8.3 (7.6–9.0) 8.6 9.2
Women
30 2166 10.6 (9.3–11.9) 10.6 11.2
40+45 3452 13.4 (12.3–14.5) 13.8 14.5
59–60 2120 15.5 (14.0–17.0) 16.3 17.4
7738 13.2 (12.4–14.0) 13.3 14.1
*Model 1: Age, sex and education **Model 2: Age, sex, education, marital status, residential region, total income and disability benefitPage 7 of 12
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the prevalence in early responders differed insignificantly
from the prevalence in late responders in age groups less
than 70 years [43]. In the oldest age group, however, the
prevalence of diabetes, daily smoking and symptoms of
mental distress was significantly higher in late responders,
with the highest prevalence ratio (2.2) for mental distress
in men. This suggests that a prevalence ratio of 2 could
occur in the elderly leading to an underestimation of the
prevalence in the population when based on the attend-
ees. For the younger age groups we conclude that, except
for special conditions obstructing people from attending
health screenings physically or mentally, the prevalence
estimates in the present survey, are valid for public health
and administrative purposes.
Table 4: Sensitivity analyses: Estimates of prevalence in target population under different assumptions about the ratio between 





Diabetes Percent daily 
smokers









good or excellent 
health
Men Men
1.00 3.8 27.7 14.8 8.3 1.00 80.5
1.10 4.0 29.3 15.7 8.8 0.90 81.4
1.25 4.3 31.7 16.9 9.5 0.75 74.5
1.50 4.9 35.7 19.1 10.7 0.67 70.8
2.00 6.0 43.7 23.3 13.1 0.50 62.9
Women Women
1.00 2.6 27.8 13.5 13.2 1.00 76.2
1.10 2.7 29.2 14.2 13.9 0.90 72.3
1.25 2.9 31.3 15.2 14.9 0.75 66.5
1.50 3.3 34.8 16.9 16.5 0.67 63.5
2.00 3.9 41.9 20.3 19.9 0.50 56.9
Table 5: Number (n) and percentage receiving disability benefit, association (odds ratio) with level of education among attendees and 
all invited. The Oslo Health Study 2000–2001.
Education * Attendees All invited
n % Odds ratio (95% CI) n % Odds ratio (95% CI)
Men
Age 40+45
Lower secondary 30 9.3 Ref. 143 14.4 Ref.
Upper secondary 41 3.3 0.34 (0.21 – 0.55) 159 5.0 0.31 (0.25 – 0.40)
College/University 15 1.2 0.12 (0.06 – 0.23) 58 2.0 0.12 (0.09 – 0.17)
Age 59–60
Lower secondary 116 31.3 Ref. 318 38.9 Ref.
Upper secondary 142 15.5 0.40 (0.30 – 0.53) 338 20.0 0.39 (0.33 – 0.47)
College/University 36 4.8 0.11 (0.08 – 0.17) 83 6.5 0.11 (0.08 – 0.14)
Women
Age 40+45
Lower secondary 38 10.1 Ref. 119 13.8 Ref.
Upper secondary 77 5.0 0.47 (0.31 – 0.70) 199 6.7 0.45 (0.36 – 0.58)
College/University 37 2.4 0.22 (0.14 – 0.36) 85 3.0 0.20 (0.15 – 0.26)
Age 59–60
Lower secondary 170 35.0 Ref. 396 39.7 Ref.
Upper secondary 224 19.9 0.46 (0.37 – 0.59) 449 23.7 0.47 (0.40 – 0.55)
College/University 65 10.6 0.22 (0.16 – 0.30) 128 13.2 0.23 (0.18 – 0.28)
* Testing of interaction between attendance and education in a logistic regression model including all men and women aged 40, 45, 59 and 60 years, 
and age and sex as covariates in addition to attendance and education, was not significant (p > 0.05).Page 8 of 12
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and marital status – and disability benefit, measured by
odds ratios, were similar among the invited population
and the attendees. This demonstrates the robustness of the
effect measurements. The only divergent finding was an
overestimation of the odds ratios for disability benefit in
non-western born compared to Norwegian born, when
calculated from attendees only. Kleinbaum et al. [44] have
described how selection can be characterised conceptually
by comparison of the fourfold table describing the actual
sample (i.e. education low/high × disability yes/no of
those who attended the screening) with the correspond-
ing table describing the total invited population. There is
no bias in odds ratio if the cross product of the selection
probabilities (attendance rates) for each cell is one. Based
on the numbers presented in tables 5 and 6 we have cal-
culated these cross products. They were close to one for
education and disability, whereas for country of birth and
disability, the cross products were generally larger than
one. This was due to a collectively over-representation of
persons born in Norway without disability benefit and
persons born in non-western countries with disability
benefit. The overestimation of the odds ratio was, how-
ever, moderate (33% in men aged 59–60 years and 57%
in men aged 40+45 years). In general, we may assume lit-
tle bias in odds ratio estimates of variables of the same
nature as disability benefit when the observation is lim-
ited to the attendees.
Several other studies [19,45-47], including the few with
information on all or almost all individuals [15,48,49],
show a rather small impact of non-response on risk esti-
mates of health or disease with regard to various back-
ground characteristics. In the Rancho Bernardo study the
mean odds ratio error was about 15% and most error
terms were reasonably close to 1 [48]. Of the 54 OR of
health care utilisation that were estimated for various
background characteristics in a Dutch study, only 11 dif-
fered by, at the most, 10% between the respondents only
and the entire sample [15]. In a previous Norwegian com-
munity cohort study [49] no overt differences were
observed in associations between gender, age and smok-
ing – and respiratory disorders when the analyses were
based on initial (65% attendance) compared to "all"
respondents (89% attendance).
The main emphasis of the Oslo Health Study was to pro-
vide survey data to identify and monitor social, ethnic and
geographical differences in health and associated risk fac-
tors for disease, to assess the need for health services, and
to initiate etiological research. The demand for represent-
ative study groups is valid when the inferential goal with
the data is a description of the target population. How-
ever, a highly representative sample of participants is no
longer considered essential for generalisability in etiolog-
ical studies that report risk estimates rather than preva-
lence estimates [15,19,46]. Generalisability depends on
Table 6: Number (n) and percentage receiving disability benefit, association (odds ratio) with country of birth among attendees and all 
invited. The Oslo Health Study 2000–2001.
Country of birth * Attendees All invited
n % OR (95% CI) n % OR (95% CI)
Men
Age 40+45
Norway 58 2.7 Ref. 278 4.9 Ref.
Western 2 1.4 0.52 (0.13–2.12) 6 1.3 0.26 (0.12–0.60)
Non-western 32 6.0 2.33 (1.50–3.62) 101 7.1 1.48 (1.17–1.88)
Age 59–60
Norway 230 12.8 Ref. 601 18.0 Ref.
Western 12 10.9 0.83 (0.45–1.54) 25 11.8 0.61 (0.40–0.94)
Non-western 57 36.8 3.96 (2.77–5.64) 141 39.5 2.97 (2.36–3.74)
Women
Age 40+45
Norway 123 4.4 Ref. 340 6.2 Ref.
Western 6 2.9 0.65 (0.28–1.49) 14 3.4 0.53 (0.31–0..91)
Non-western 27 5.6 1.31 (0.85–2.01) 73 7.2 1.18 (0.91–1.53)
Age 59–60
Norway 431 21.3 Ref. 901 25.7 Ref.
Western 12 9.2 0.38 (0.21–0.69) 30 13.5 0.45 (0.31–0.67)
Non-western 25 22.7 1.09 (0.69–1.72) 70 23.9 0.91 (0.69–1.20)
* Adjusting for marital status, residential region and education gave similar results. Testing of interaction between attendance and country of birth 
in a logistic regression model including all men and women aged 40, 45, 59 and 60 years, and age and sex as covariates in addition to attendance and 
country of birth, gave p = 0.003.Page 9 of 12
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theories from a set of observations and not only from the
statistical framework of these observations [50]. In biolog-
ical science, in which we include etiologic medical
research, we select subjects with certain characteristics
enabling us to make valid comparisons, but not necessar-
ily being representative for the population from which
they have been recruited. Rothman and Greenland [50]
argue against the notion that generalisation from a study
group depends on the study group being a representative
sub-group of the target population, in the sense of survey
sampling.
There are a number of striking examples of "unrepresenta-
tive" studies in the epidemiological literature, studies
which have contributed significantly to the domain of
medical knowledge [51-55]. All these studies are
characterised by being highly unrepresentative of the gen-
eral population, but the etiological issues being studied
are likely to represent valid contributions to the current
scientific domains.
It is, of course, important to obtain as large sample size
and response rate as possible to avoid selection bias.
However, because the presence of selection bias is deter-
mined from the selection probabilities within the fourfold
table, selection bias may occur even with a relatively large
overall response rate, according to Kleinbaum et al. [44].
Conversely, there may be no selection bias despite small
response rates.
Conclusions
The attendance in the Oslo Health Study varied according
to sociodemographic variables, which is in agreement
with other population-based studies in the Western
world. It is therefore likely that the results from the
present study have a general validity corresponding to
similar studies, with the same social distribution of the
attendees and the same attendance rate. Furthermore, the
weighted prevalence estimates, based on background var-
iables from the total population, were close to un-
weighted estimates. This indicates that self-selection by
sociodemographic background does not influence preva-
lence estimates to any great degree, assuming the same
prevalence between attendees and non-attendees within
each stratum of background variables. Assuming dissimi-
larities, sensitivity analyses have shown a high robustness
of the prevalence estimates for prevalence ratios of < 1.5
in non-attendees versus attendees. Unhealthy and sick
persons may participate to a less extent than healthy per-
sons as illustrated by those receiving disability benefit. But
this selection was independent of education, marital sta-
tus and residential region leaving the associations
between disability benefit and these sociodemographic
variables unbiased. If any bias were present, we would
expect an overestimation of the association between eth-
nicity (non-western born) and chronic disease. But
sensitivity analysis established as probable that the associ-
ation of selected variables could not be totally explained
by selection bias.
The main strength of this study is that we have complete
information from both attendees and non-attendees for
selected variables. The main weakness is that it is difficult
to generalise to other populations, although we may
assume little bias in odds ratio estimates of variables of
the same nature as disability benefit when the observation
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